Purpose: The aim of this study was to assess the efficacy and safety of concurrent apatinib and docetaxel therapy vs apatinib monotherapy as third-or subsequent-line treatment for advanced gastric adenocarcinoma (GAC). Methods: Patients, who had received apatinib with or without docetaxel as third or more line therapy for advanced GAC, were retrospectively reviewed. Propensity score matching (PSM) analysis was performed to minimize the potential confounding bias. Kaplan-Meier curve and log-rank test were used to analyze the survival. Prognostic factors were estimated by Cox regression. Adverse events (AEs) were evaluated using CTCAE 4.0. Results: Thirty-four patients received concurrent therapy, whereas 31 received monotherapy. The median progression-free survival (PFS) and overall survival (OS) in monotherapy and contherapy groups were 2.5 and 4 months (P=0.002), 3.3 and 6 months (P=0.004), respectively. After PSM, the median PFS and OS in the con-therapy group were also superior to the monotherapy group (P=0.004 and P=0.017). Cox regression suggested that Eastern Cooperative Oncology Group performance status (ECOG PS; HR =2.437, 95% CI: 1.349-4.404, P=0.003), CA199 (HR =1.001, 95% CI: 1.000-1.002, P=0.016), and treatment options (HR =0.388, 95% CI: 0.222-0.679, P=0.001) had significant effects on OS. Grade 3/4 toxicities in the monotherapy and con-therapy groups were as follows: leukopenia (0% vs 8.8%), neutropenia (3.2% vs 2.9%), anemia (9.8% vs 8.8%), thrombocytopenia (6.4% vs 2.9%), proteinuria (3.2% vs 2.9%), aminotransferase (0% vs 11.8%), hyperbilirubinemia (9.8% vs 5.9%), hypertension (9.8% vs 5.9%), hand-foot syndrome (3.2% vs 8.8%), nausea and vomiting (0% vs 11.8%), diarrhea (0% vs 5.9%), and fatigue (6.5% vs 2.9%). Conclusion: Patients with advanced GAC benefit more from concurrent apatinib and docetaxel therapy than apatinib monotherapy.
Introduction
Gastric carcinoma is one of the most common neoplasms and the second leading cause of cancer-related mortality both in China and worldwide. 1 Among the histological types, adenocarcinoma is predominant. Surgery is recognized as the only radical treatment option for early gastric adenocarcinoma (GAC). 2 However, recurrence after surgery occurs frequently, 3 and approximately 80% of the patients with GAC are diagnosed at advanced stage. 2 For these patients, systemic chemotherapy is indispensable and various chemotherapeutic regimens have been trialed. The first-line therapy includes submit your manuscript | www.dovepress.com
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lin et al platinum compound combined with a fluoropyrimidine, with additional trastuzumab necessary if HER2 positive. 4 However, failure or relapse frequently occurred in quite a few patients, even with the second-line chemotherapy (ramucirumab and paclitaxel single or in combination or irinotecan or docetaxel single agent), resulting in a dismal outcome. The third-line treatment options commonly include agents recommended for second-line that were not used previously as well as pembrolizumab for PD-L1 positive according to the NCCN guidelines. 5 Moreover, docetaxel, a second-generation taxane, had been reported to be feasible as a third-line therapy regimen for advanced GAC after m-FOLFIRI and m-FOLFOX-4 regimens. 6 Angiogenesis, regulated by angiogenesis and antiangiogenesis factors, is one of the landmarks of cancer. 7 Among the factors, vascular endothelial growth factor (VEGF) and VEGF receptor 2 (VEGFR2)-mediated signaling play a crucial role in gastric cancer pathogenesis. 8 Anti-angiogenesis targeted to VEGFR-2 contributes to improve the outcome for patients with advanced gastric cancer. Apatinib, a selectively small-molecule tyrosine kinase inhibitor (TKI), binds to VEGFR-2 and inhibits its phosphorylation to block angiogenesis via a series of cascade reactions, showing a promising outcome in multifarious tumors including advanced gastric carcinoma. 2, [9] [10] [11] Clinical trials 9, 10 have recently suggested that patients with advanced GAC in third-line therapy benefit from apatinib compared with placebo. Apatinib has therefore been recommended to treat advanced gastric carcinoma by Chinese guidelines. 12 However, it is important to note that although the disease control rate (DCR) of apatinib monotherapy has reached 58.3%, the objective response rate (ORR) is still poor in the real world. 2 Furthermore, the synergistic effects of the combination of apatinib and cytotoxic chemotherapeutic agents (paclitaxel and 5-fluorouracil) in gastric cancer cells and xenograft model have been reported. 13 Nevertheless, there is currently no report that addresses the combined use of apatinib and cytotoxic agents in clinical practice.
Thus, in this study, we retrospectively analyze the toxicity profiles and survival benefit between the combination of apatinib and docetaxel and apatinib monotherapy as third or more line treatment for patients with advanced GAC.
Patients and methods
Patient selection
The study algorithm is presented in Figure 1 . From November 17, 2015, to April 4, 2017, a total of 71 patients took apatinib with or without docetaxel as third-or subsequent-line therapy for advanced gastric or gastroesophageal junction (GEJ) adenocarcinoma at our institutes. Among them, 65 patients took apatinib equal to or greater than one cycle. These were the patients who were retrospectively analyzed. The details eligible for docetaxel and/or apatinib in GAC are as follows: 1) patients with advanced GAC or GEJ adenocarcinoma confirmed by histopathology; 2) failure after undergoing second-line therapy; 3) with at least one measurable or evaluable disease; 4) adequate organ function, including an absolute neutrophil count of at least 1,800/µL, platelet count of at least 100,000/µL, serum bilirubin less than 34 mol/L, serum albumin of more than 3.2 g/L, serum aspartate aminotransferase and alanine aminotransferase less than three times the upper limit of normal for the institution, and creatinine no more than three times the upper limit of normal for the institution or creatinine clearance of at least 60 mL/min; and 5) treated with apatinib at least one cycle. The exclusion criteria are as follows: 1) Eastern Cooperative Oncology Group performance status (ECOG PS) equal or greater than 3; 2) received apatinib less than one cycle; 3) or serious heart, lung, liver, and kidney diseases.
Treatment
Patients were treated with apatinib at a dosage of 250-750 mg by oral administration once a day, for 4 weeks as a cycle. Whether additional docetaxel was added during the apatinib treatment was determined by multidisciplinary team (MDT) or a senior oncology physician at one of our institutes. The dosage of docetaxel was 75-100 mg/m 2 on day 1 every 3 weeks. After failure of treatment, patients were managed according to MDT discretion.
Assessment of efficacy and adverse events (aes)
Patients were followed up every 3-12 weeks during treatment. The follow-up consisted of physical examinations, complete blood counts, biochemical profiles, carcinoembryonic antigen (CEA), Carbohydrate antigen 199 (CA199), and either dynamic contrast enhancement computed tomography (CT) or magnetic resonance image studies. Overall survival (OS) and progression-free survival (PFS) were then estimated from the date of the start of apatinib administration until the date of a patient's death, the last follow-up examination or the date of tumor recurrence.
All AEs were either evaluated on the basis of patients' medical history and laboratory examination results or in accordance with communication tools according to the National Cancer Institute-Common Terminology Criteria for Adverse Events version 4.0 (NCI-CTCAE4.0).
statistical analyses
Categorical variables were compared using the Pearson or Continuity Correction chi-squared test or Fisher's exact test. Continuous variables were compared by Student's t-test. Propensity score matching (PSM) analysis with the match tolerance of 0.2 was performed for the minimization of potential confounding bias. The OS and PFS were calculated using the Kaplan-Meier method, and statistical significance between groups was compared using the log-rank test. Univariate Cox proportional hazards model regression was then performed, and variables were entered into multivariate analysis when the P-value was less than 0.1 in the univariate analysis. The clinical variables covered age, gender, ECOG PS, tumor location, histology, differential degree, American Joint Committee on Cancer (AJCC) stage (Version 7), initial CEA, initial CA199, and surgery history. All statistical analyses were performed with the SPSS statistical package (version 24.0; IBM Corporation, Armonk, NY, USA). The survival curves were plotted with GraphPad Prism 7.00. A P-value of 0.05 was considered to be statistically significant.
Ethics
This study was approved by the ethics committee of both the Shandong Cancer Hospital Affiliated to Shandong University and the Shandong Provincial Hospital Affiliated to Shandong University. The patient data used in the study were de-identified. All processes were in agreement with the Declaration of Helsinki. The informed consent form was waived as this is a retrospective study.
Results
Patient characteristics
From November, 2015, to March, 2017, 31 patients received apatinib monotherapy (monotherapy group), whereas 34 patients received concurrent therapy of docetaxel and apatinib (con-therapy group). The characteristics of patients are summarized in Table 1 . All patients received at least the failure of second-line therapy. 80% of them were male, and the median age was 58.6 years. More than half of the patients had an ECOG PS of 0 (53.8%), and 70.8% of the tumors were found to be located in stomach. Most of the patients had AJCC stage IV (Version 7) (72.3%), 38.4% of the patients had received surgery, and 15.4% had been treated with radiotherapy. There were no statistically significant differences in gender, age, ECOG PS, tumor location, tumor differential degree, AJCC stages, initial CEA, initial CA199, surgery history, radiotherapy, and treatment lines.
Although no significant difference in baseline characteristics exists between the two groups, PSM with matched tolerance 0.2 was also performed to minimize the potential confounding bias. After PSM, 24 matched pairs of the submit your manuscript | www.dovepress.com
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survival
Before PSM was performed, the median PFS (Figure 2A ) was found to be 2.5 months (95% CI, 1.99-3.01) in the monotherapy group and 4 months (95% CI, 3.29-4.71) (P=0.002) in the con-therapy group, with median OS ( Figure 2B ) being 3.3 months (95% CI, 2.76-3.84) and 6 months (95% CI, 2.86-9.14) (P=0.004), respectively. After PSM, the median PFS ( Figure 3A ) was 2.3 months (95% CI, 1.77-2.83) and 4 months (95% CI, 2.37-5.63) (P=0.004), with median OS ( Figure 3B ) being 3.2 months (95% CI, 2.24-4.16) and 7 months (95% CI, 4.00-10.00) (P=0.017) in the monotherapy group and the con-therapy group, respectively.
independent prognostic factors for Os
Both the univariate and multivariate Cox regressions for independent prognostic factors for OS in all patients are summarized in Table 2 . In the univariate analysis, gender, age, ECOG PS, initial CEA, initial CA199, and treatment options (Monotherapy vs Con-therapy) were deemed as 
Toxicity profiles
The main toxicity profiles in all patients are listed in Table 4 . In summation, the grade 3/4 toxicities in the monotherapy group were neutropenia (1/31, 3.2%), anemia (3/31, 9.8%), thrombocytopenia (2/31, 6.4%), proteinuria (1/31, 3.2%), hyperbilirubinemia (3/31, 9.8%), hypertension (3/31, 9.8%), hand-foot syndromes (1/31, 3.2%), fatigue (2/31, 6.5%), in the con-therapy group, and the severe toxicities were leukopenia ( treatment options for advanced GAC after the failure of second-line therapy, with poor prognosis, as patients rarely survive more than 12 months, this holding true even in the most recent studies. 16 Lee et al 6 reported that docetaxel has the potential to serve as a third-line therapy for patients with relapsed gastric cancer. Using this treatment, it was found that the median time to progression was 2.1 months and that of OS was 4.7 months with grade 3/4 neutropenia, nausea, and vomiting being common. Kang et al 17 have reported the efficacy of the combination treatment of irinotecan, 5-fluorouracil, and leucovorin as a third-line chemotherapy option for advanced gastric carcinoma with the median PFS being 2.1 months and OS being 5.6 months and the main grade 3/4 toxicity being myelosuppression accounting for 36.7% of the patients. Pasquini et al 16 have reported the FOLFIRI regime as a third-line therapy option with a favorable safety profile for metastatic gastric cancer; its median PFS and OS were 3.3 and 7.5 months, respectively. Therefore, the NCCN guidelines recommended the second-line agents that had not been used previously as the third-line 
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Targeting agents either alone or combined with chemotherapy in first or subsequent line therapies have recently become available for these patients with advanced gastric cancer. 18 For example, trastuzumab administered alongside chemotherapy has become the standard option for firstline therapy of HER2-positive advanced gastric cancer. 19 However, an international randomized, open-label, adaptive, Phase II/III study indicated that patient with HER2-positive advanced gastric cancer that have been previously treated with trastuzumab did not benefit from trastuzumab compared with taxane. 19 A Phase II trial showed that a selective c-Met inhibitor tivantinib monotherapy as a second-or third-line therapy has modest efficacy in the patients with metastatic gastric cancer. 20 Moreover, in addition to trastuzumab and tivantinib therapy, anti-VEGFR-2 had also been reported in the treatment of gastric cancer. Likewise, two Phase III trials that used ramucirumab -a human IgG1 monoclonal antibody that targets VEGFR-2 either when alone or combined with paclitaxel -have demonstrated that second-line therapy has the potential to improve the survival of patients with GAC. However, it is important to note that a randomized, double-blind, multicenter Phase II trial demonstrated that the addition of ramucirumab to front-line mFOLFOX6 did not improve PFS in the intent-to-treat population. 21 Apatinib, a novel selective VEGFR-2 inhibitor, has shown promising survival benefits in advanced GAC. One Phase II clinical trial 10 has indicated that the median OS of apatinib in the treatment of chemotherapy-refractory advanced metastatic gastric cancer was 2.5 months in the placebo group, 4.83 months in the once daily 850 mg group, and 4.27 months in the 425 mg twice daily group, with PFS being 1.40, 3.67, and 3.20 months, respectively. Furthermore, it was found that apatinib also improved OS (6.5 vs 4.7 months) and PFS (2.6 vs 1.8 months) in Phase III clinical trials 9 for chemotherapy-refractory advanced or metastatic adenocarcinoma of the stomach or GEJ, compared with the placebo. In addition, Zhang et al 2 have reported that treatment of advanced gastric cancer with apatinib resulted in a median PFS of 2.65 months (95% CI 1.66-3.54) and a median OS of 5.8 months (95% CI 4.77-6.83) in the real-world study. All these results indicate that apatinib monotherapy ameliorates prognosis of patients with advanced GAC.
In the present study, the median PFS was 2.5 months in the monotherapy group, similar to Phase III clinical study 9 and the real world study. 2 It was found that additional docetaxel significantly prolonged the PFS. The results of both all patients and PSM suggested that the median OS was also significantly improved with alliance treatment of apatinib and docetaxel, compared with apatinib monotherapy (3.3 vs 6 months, P=0.004 and 3.2 vs 7 months, P=0.017). To further confirm possible prognostic factors for OS, univariate and multivariate Cox hazard regression analyses were performed. The results of both all patients (HR =0.388; 95% CI, 0.222-0.679; P=0.001) and PSM analysis (HR =0.377; 95% CI, 0.198-0.720; P=0.003) indeed demonstrated that adding docetaxel to apatinib as third or more line treatment for advanced GAC could reduce the risk of death.
In terms of treatment safety, no treatment-related death occurred. Furthermore, all toxicities in the concurrent 
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lin et al apatinib and docetaxel group as well as the apatinib monotherapy group were less than 12%, which is acceptable. Grade 3/4 toxicities of neutropenia, thrombocytopenia, proteinuria, hyperbilirubinemia, hypertension, and fatigue were found to be less prevalent in the con-therapy group than the monotherapy group, although this may be due to small sample size. In addition, there are no guidelines for the combination of apatinib and docetaxel in the treatment of GAC. Thus, additional prevention treatment for reducing patient toxicity may be given by clinicians during treatment. Furthermore, whether concurrent apatinib and docetaxel reduces the side effects still remains unreported. However, there are several limitations in our present study. First, the sample size was relatively small. Second, for the reduction of intrinsic selection bias inevitable in retrospective study, PSM analysis was performed, causing sample size further deduction. Finally, all the analyses were focused on survival and toxicities with the exception of quality of life.
Although there are limitations, our data have demonstrated that patients with advanced GAC obtain some survival benefit from the combination therapy of apatinib and docetaxel, particularly when compared with apatinib monotherapy. The concurrent therapy of apatinib and docetaxel may be a treatment option for advanced GAC patients with previous failed treatments. We hope in the future that a larger prospective trial is warranted to further confirm our observations.
Conclusion
Patients with advanced GAC benefit more from concurrent apatinib and docetaxel therapy than apatinib monotherapy.
